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The  solar  chimney  power  plant  is  a  simple  solar  thermal  power  plant  that  is  capable  of  converting  solar 
energy  into  thermal  energy  in  the  solar  collector.  In  the  second  stage,  the  generated  thermal  energy 
is  converted  into  kinetic  energy  in  the  chimney  and  ultimately  into  electric  energy  using  a  combina¬ 
tion  of  a  wind  turbine  and  a  generator.  The  purpose  of  this  study  is  to  evaluate  the  performance  of 
solar  chimney  power  plants  in  some  parts  of  Iran  theoretically  and  to  estimate  the  quantity  of  the  pro¬ 
duced  electric  energy.  A  mathematical  model  based  on  the  energy  balance  was  developed  to  estimate  the 
power  output  of  solar  chimneys  as  well  as  to  examine  the  effect  of  various  ambient  conditions  and  struc¬ 
tural  dimensions  on  the  power  generation.  The  solar  chimney  power  plant  with  350  m  chimney  height 
and  1000  m  collector  diameter  is  capable  of  producing  monthly  average  1-2  MW  electric  power  over 
a  year. 
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1.  Introduction 

The  scarcity  of  available  energy  resources  has  been  further 
aggravated  by  the  ever-increasing  of  the  world  energy  demand.  In 
addition,  current  energy  production  from  coal  and  oil  is  damaging 
to  the  environment  and  nonrenewable.  Therefore,  it  is  urgent  to 
develop  the  technologies  utilizing  renewable  and  clean  energy 
sources  to  solve  these  problems.  A  solar  chimney  power  plant 
offers  interesting  opportunities  to  use  pollution  free  resources 
of  energy.  Solar  chimney  power  technology,  designed  to  pro¬ 
duce  electric  power  on  a  large-scale,  utilizes  solar  energy  to 


E-mail  address:  roozbehsangi@gmail.com 

1364-0321  /$  -  see  front  matter  ©  201 1  Elsevier  Ltd.  All  rights  reserved, 
doi:  1 0.1 01 6/j.rser.201 1 .08.035 


produce  ventilation  that  drives  wind  turbines  to  produce  electric 
power. 

The  solar  chimney  concept  was  originally  proposed  by  Professor 
Schlaich  of  Stuttgart  in  the  late  1970s.  Less  than  four  years  after  he 
presented  his  ideas  at  a  conference,  construction  on  a  pilot  plant 
began  in  Manzanares,  Spain,  as  a  result  of  a  joint  venture  between 
the  German  government  and  a  Spanish  utility.  A  36-kW  pilot  plant 
was  built,  which  produced  electricity  for  seven  years,  thus  proving 
the  efficiency  and  reliability  of  this  novel  technology.  The  chimney 
tower  was  194.6  m  high,  and  the  collector  had  a  radius  of  122  m. 
Fundamental  investigations  for  the  Spanish  system  were  reported 
by  Haaf  et  al.  in  which  a  brief  discussion  of  the  energy  balance, 
design  criteria,  and  cost  analysis  was  presented  [1  ]. 

Krisst  demonstrated  a  ‘back  yard  type’  device  with  a  power  out¬ 
put  of  10  W  in  West  Hartford,  Connecticut,  USA  [2].  In  a  later  study, 
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Nomenclature 

Ach  chimney  cross-sectional  area  (m2 ) 

Acon  collector  area  (m2 ) 

Cp  specific  heat  capacity  (kj  kg-1  K-1 ) 

Fr  collector  heat  removal  factor 

F  collector  efficiency  factor 

F"  collector  flow  factor 

g  gravitational  acceleration  (ms-2) 

q  solar  radiation  ( W  m-2 ) 

FIch  chimney  height  (m) 

vn  mass  flow  rate  (kg  s-1 ) 

Ptot  useful  energy  contained  in  the  airflow  (kW) 

Pt,m  maximum  mechanical  power  taken  up  by  the  tur¬ 
bine  (kW) 

Pout  electric  output  from  the  solar  chimney  (kW) 

Q  heat  gain  of  air  in  the  collector  (kW) 

Ta  ambient  temperature  (K) 

Tfm  mean  air  temperature  (K) 

Tin  inlet  air  temperature  (K) 

Tout  outlet  air  temperature  (K) 

Tpm  mean  plate  temperature  (K) 

Vch  air  velocity  at  the  chimney  inlet  (m  s-1 ) 

a  effective  absorption  coefficient  of  the  collector 

P  heat  loss  coefficient  (Wm-2  k-1) 

rjtot  total  efficiency 

r)ch  chimney  efficiency 

rjcoii  collector  efficiency 

rjt  turbine  efficiency 

pair  air  density  (kg  m-3 ) 

A P  pressure  difference  produced  between  chimney 
base  and  the  surroundings  (Pa) 

AT  temperature  rise  between  collector  inflow  and  out¬ 
flow  (K) 


Haaf  reported  preliminary  test  results  of  the  plant  built  in  Spain 
[3].  Kulunk  produced  a  micro  scale  electric  power  plant  of  0.14  W 
in  Izmit,  Turkey  [4].  Sampayo  suggested  the  use  of  a  multi-cone 
diffuser  on  the  top  of  the  chimney  to  allow  the  operation  as  a 
high-speed  chimney  and  to  act  as  a  draft  tube  for  any  natural  wind 
blowing  [5].  Mullet  presented  an  analysis  to  derive  the  overall 
efficiency  of  the  solar  chimney  [6].  The  governing  differential  equa¬ 
tions  were  developed  by  Padki  and  Sherif  to  describe  the  chimney 
performance  [7].  In  later  studies,  Padki  and  Sherif  conducted  an 
investigation  of  the  viability  of  solar  chimneys  for  medium-to- 
large  scale  power  production  and  power  generation  in  rural  areas 
[8,9]. 

Schlaich  et  al.  studied  the  transferability  from  the  experimental 
data  of  the  prototype  in  Manzanares  to  large  power  plants  (5,  30 
and  100  MW)  [10].  Yan  et  al.  reported  on  a  more  comprehensive 
analytical  model  in  which  practical  correlations  were  used  to 
derive  equations  for  the  air  flow  rate,  air  velocity,  power  output 
and  thermofluid  efficiency  [11].  Padki  and  Sherif  briefly  discussed 
the  effects  of  the  geometrical  and  operating  parameters  on  the 
chimney  performance  [12].  Kreetz  presented  a  numerical  model 
for  the  use  of  water  storage  in  the  collector  [13].  His  calculations 
showed  the  possibility  of  a  continuous  day  and  night  operation 
of  the  solar  chimney.  Pasumarthi  and  Sherif  conducted  experi¬ 
mental  and  theoretical  analyses  on  a  solar  chimney  model  built 
on  a  university  campus  [14,15].  Padki  and  Sherif  developed  a 
simple  model  to  analyze  the  performance  of  the  solar  chimney 
[16]. 

Bernardes  et  al.  presented  a  theoretical  analysis  of  a  solar  chim¬ 
ney  operating  on  natural  laminar  convection  in  the  steady  state 


[17].  Lodhi  presented  a  comprehensive  analysis  of  the  chimney 
effect,  power  production  and  efficiency  and  estimated  the  cost  of 
the  solar  chimney  power  plant  set  up  in  developing  nations  [18]. 
Backstrom  and  Gannon  presented  a  one-dimensional  compress¬ 
ible  flow  approach  for  the  calculation  of  all  the  thermodynamic 
variables  [19].  Gannon  and  Backstrom  developed  an  analysis  of  the 
solar  chimney  including  chimney  friction,  exit  kinetic  losses  and 
a  simple  model  of  the  solar  collector  [20].  More  thorough  anal¬ 
yses  of  solar  chimney  power  plant  performance  were  conducted 
by  Kroger  and  Buys,  and  Gannon  and  Von  Backstrom  studied  the 
performance  of  turbines  employed  in  solar  chimney  power  plants 
[21-23]. 

Bernardes  et  al.  developed  an  analytical  and  numerical  model  for 
a  solar  chimney  power  plant,  comparing  simulation  predictions  to 
experimental  results  from  the  prototype  plant  at  Manzanares  [24]. 
Pastohr  et  al.  conducted  a  basic  CFD  analysis  on  the  solar  chimney 
power  plant  and  compared  their  results  to  another  simple  model 
[25].  A  relatively  detailed  numerical  model  was  developed  by  Pre- 
torius  et  al.,  simulating  the  performance  of  a  large-scale  reference 
solar  chimney  power  plant  [26].  Schlaich  et  al.  presented  the  theory, 
practical  experience,  and  economy  of  solar  chimney  power  plants 
to  give  a  guide  for  the  design  of  200-MW  commercial  solar  chimney 
power  plant  systems  [27].  A  mathematical  model  was  developed  by 
Bilgen  and  Rheault  for  evaluating  the  performance  of  solar  chimney 
power  plants  at  high  latitudes  [28].  A  refined  numerical  model  for 
simulating  large  solar  chimney  plants  was  presented  by  Pretorius 
and  Kroger  [29]. 

Later,  Ming  et  al.  developed  a  comprehensive  model  to  evaluate 
the  performance  of  a  solar  chimney  power  plant  system  in  which 
the  effects  of  various  parameters  on  the  relative  static  pressure, 
driving  force,  power  output  and  efficiency  were  further  inves¬ 
tigated  [30].  Ming  et  al.  presented  a  numerical  analysis  of  the 
flow  and  heat  transfer  characteristics  in  a  solar  chimney  power 
plant  with  an  energy  storage  layer  [31].  Zhou  et  al.,  Ketlogetswe 
et  al.  and  Ferreira  et  al.  conducted  experimental  analyses  on  solar 
chimney  systems  [32-34].  Koonsrisuk  and  Chitsomboon  and  later 
Zhou  et  al.  performed  numerical  simulations  of  solar  chimneys 
using  a  commercial  CFD  software  [35,36].  Bernardes  and  Back¬ 
strom  evaluated  the  operational  control  strategies  applicable  to 
solar  chimney  power  plants  [37].  Koonsrisuk  et  al.  described  the 
constructal-theory  search  for  the  geometry  of  a  solar  chimney 

[38] .  Sangi  et  al.  developed  a  more  comprehensive  model  and 
performed  a  numerical  analysis  of  a  solar  chimney  power  plant 

[39] . 

Many  attempts  have  been  made  to  evaluate  the  performance 
of  solar  chimney  power  plants  in  some  parts  of  the  world  theo¬ 
retically.  Dai  et  al.  concluded  that  a  solar  chimney  power  plant  in 
Northwestern  regions  of  China  is  able  to  produce  1 10-190  kW  of 
electric  power  with  a  chimney  height  of  200  m  and  diameter  of 
10  m,  and  with  a  collector  cover  of  196270  m2  [40].  Frederick  and 
Reccab  studied  the  potential  of  solar  chimney  power  plant  appli¬ 
cations  in  rural  areas  was  studied  [41  ].  Nizetic  et  al.  analyzed  the 
potential  for  electric  energy  production  in  Mediterranean  coun¬ 
tries  and  estimated  the  quantity  and  price  of  the  produced  electric 
energy  [42].  Larbi  et  al.  presented  the  performance  analysis  of  a 
solar  chimney  power  plant  expected  to  provide  the  remote  vil¬ 
lages  located  in  Algerian  southwestern  region  with  electric  power 
[43].  Zhou  et  al.  developed  a  simple  mathematical  model  based  on 
energy  balance  to  analyze  the  performance  of  solar  chimney  power 
plants  in  Qinghai-Tibet  Plateau  [44]. 

The  objective  of  this  paper  is  to  analyze  the  potential  for 
electric  energy  production  in  some  parts  of  Iran  and  to  estimate 
the  quantity  of  the  produced  electric  energy.  This  study  also 
presents  an  analysis  about  the  influence  of  some  geometrical  and 
physical  parameters,  such  as  chimney  height,  collector  diameter, 
ambient  temperature  and  solar  radiation,  on  the  power  output  of 
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solar  chimney  power  plants.  For  this  purpose,  a  more  general  and 
simplified  mathematical  model  of  a  solar  chimney  power  plant 
based  on  the  energy  balance  will  be  established  and  analyzed  for 
the  selected  locations  in  Iran. 

2.  System  description 

A  solar  chimney  is  a  combination  of  three  established  technolo¬ 
gies,  namely,  the  greenhouse,  the  chimney,  and  the  wind  turbine. 
The  chimney,  which  is  a  long  tubular  structure,  is  placed  in  the  cen¬ 
ter  of  the  circular  greenhouse,  while  the  wind  turbine  is  mounted 
inside  the  chimney.  This  unique  combination  accomplishes  the 
task  of  converting  solar  energy  into  electrical  energy.  This  solar- 
to-electric  conversion  involves  two  intermediate  stages.  In  the  first 
stage,  conversion  of  solar  energy  into  thermal  energy  is  accom¬ 
plished  in  the  greenhouse  (also  known  as  the  collector)  by  means 
of  the  greenhouse  effect.  In  the  second  stage,  the  chimney  converts 
the  generated  thermal  energy  into  kinetic  energy  and  ultimately 
into  electric  energy  by  using  a  combination  of  a  wind  turbine  and  a 
generator.  Fig.  1  provides  an  overall  view  of  a  solar  chimney  power 
plant. 

In  its  simplest  form,  the  collector  is  a  glass  or  plastic  film  cover 
stretched  horizontally  and  raised  above  the  ground.  This  covering 
serves  as  a  trap  for  re-radiation  from  the  ground.  It  transmits  the 
shorter  wavelength  solar  radiation  but  blocks  the  longer  wave¬ 
length  radiation  emitted  by  the  ground.  As  a  result,  the  ground 
under  the  cover  heats  up,  which,  in  turn,  heats  the  air  flowing  radi¬ 
ally  above  it.  A  flat  collector  of  this  kind  can  convert  a  significant 
amount  of  the  irradiated  solar  energy  into  heat.  The  soil  surface 
under  the  collector  cover  is  a  convenient  energy  storage  medium. 
During  the  day,  a  part  of  the  incoming  solar  radiation  is  absorbed 
by  the  ground  and  is  later  released  during  the  night.  This  mecha¬ 
nism  is  capable  of  providing  a  continuous  supply  of  power  all  year 
round. 

The  chimney  itself  is  the  actual  thermal  engine.  It  is  similar  to 
a  pressure  tube  with  low  frictional  losses.  The  up  thrust  of  the  air 
heated  in  the  collector  is  proportional  to  the  increase  in  air  tem¬ 
perature  in  the  collector  and  the  volume  of  the  air  flow.  The  latter 
depends  on  the  height  of  the  chimney.  Mechanical  output  in  the 
form  of  rotational  energy  can  be  extracted  from  the  vertical  air 
current  flowing  in  the  chimney  by  using  suitable  turbine(s).  The 
principle  of  operation  of  these  turbines  is  similar  to  the  turbo¬ 
generators  used  in  hydroelectric  power  stations,  where  the  static 
pressure  is  converted  into  mechanical  work.  The  power  output 


achieved  is  proportional  to  the  product  of  the  volume  flow  rate 
and  the  pressure  drop  across  the  turbine.  The  air  flow  through  the 
turbine  can  be  regulated  by  varying  the  turbine  blades’  pitch  angle. 
This  mechanical  energy  can  be  converted  into  electric  energy  by 
coupling  the  turbine(s)  to  the  generator(s).  Solar  chimneys  do  not 
necessarily  need  direct  sunlight.  They  can  exploit  a  component  of 
the  diffused  radiation  when  the  sky  is  cloudy.  The  lack  of  system 
dependence  on  the  natural  occurrence  of  wind,  which  is  intermit¬ 
tent,  makes  it  a  very  attractive  development. 

3.  Modeling 

The  performance  analysis  of  the  solar  chimney  power  plant  is 
based  on  a  mathematical  model  developed  by  Schlaich  et  al.  [45]. 
The  purpose  of  this  study  is  to  present  a  more  developed  mathe¬ 
matical  model,  which  is  used  to  evaluate  the  performance  of  a  solar 
chimney  power  plant.  Precise  description  of  the  output  pattern  of 
a  solar  chimney  under  given  meteorological  boundary  conditions 
and  structural  dimensions  like  chimney  height,  chimney  diameter 
and  collector  diameter  is  possible  only  with  an  extensive  ther¬ 
modynamic  and  flow-dynamic  computer  program.  This  includes 
for  example  the  equations  which  reflect  the  effect  of  heat  transfer 
between  the  ground  and  air  in  the  collector,  friction  loss  in  the  col¬ 
lector  and  the  chimney,  heat  storage  in  the  ground,  the  turbine  and 
its  power  control.  These  individual  physical  processes,  some  very 
complex  and  interdependent,  can  be  assessed  only  with  a  large 
finite  element  program.  In  order  to  make  the  interrelationships 
comprehensible,  the  fundamental  dependencies  and  influence  of 
the  essential  parameters  on  the  anticipated  power  output  of  a 
solar  chimney  power  plant  are  presented  here  in  a  simplified 
form. 

3.2.  Total  efficiency 

Total  efficiency  rjtot  is  determined  here  as  a  product  of  the  indi¬ 
vidual  component  efficiencies: 

Vtot  =  ricoiiVchm  (1) 

rjcoii  is  the  efficiency  of  the  collector,  in  other  words  the  effec¬ 
tiveness  with  which  solar  radiation  is  converted  into  heat.  r\ch  is 
the  efficiency  of  the  chimney  and  describe  the  effectiveness  with 
which  the  quantity  of  heat  delivered  by  the  collector  is  converted 
into  flow  energy.  r)t  stands  for  the  efficiency  of  the  wind  turbine 
generator. 


3.2.  Mathematical  model  of  the  collector 

A  solar  chimney  collector  converts  available  solar  radiation  q 
onto  the  collector  surface  Acou  into  heat  output.  Collector  efficiency 
rjcoii  can  be  expressed  as  a  ratio  of  the  heat  output  of  the  collector  as 
heated  air  Q  and  the  solar  radiation  q  (measured  in  W  m~2)  times 
Acolh 


hcoll  — 


_Q_ 

AcollQ 


Heat  output  Q  at  the  outflow  from  the  collector  under  steady  con¬ 
ditions  can  then  be  expressed  as  a  product  of  the  mass  flow  m,  the 
specific  heat  capacity  of  the  air  Cp  and  the  temperature  difference 
between  collector  inflow  and  outflow  ( Tout  -  Tin ): 

Q.  =  wCpiTout  —  Tin)  (3) 


where 


Fig.  1.  Schematic  illustration  of  a  solar  chimney  power  plant. 


^  —  Pair^chAch 
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For  collector  efficiency  this  gives: 


^ icoll  — 


Pair  ^ch^ch  Cp  ( Tout 


AcollQ 


Additionally  valid  for  heat  balance  at  the  collector  [46]: 


contained  in  the  flow  from  Eq.  ( 14)  can  be  expressed  as  follows  with 
the  aid  of  Eqs.  (3)  and  (4): 

Ptot  =  TJ chQ  =  —f  Pair^chAchiTout  ~  Tfn)  (15) 

1  a 


Q  —  Acou(qa  —  P(Tpm  —  Ta)) 


Here  a  represents  the  effective  absorption  coefficient  of  the  col¬ 
lector.  (3  is  a  loss  correction  value  (in  Wm~2I<_1),  allowing  for 
emission  and  convection  losses.  j$  is  used  as  a  constant,  which  is  cor¬ 
rect  for  small  AT  and  given  ambient  temperature  Ta,  as  the  emission 
proportion  of  the  losses  is  temperature  dependent  [45]. 

Thus  collector  efficiency  can  also  be  expressed  like  this  after  Eq. 

(2): 


hcoll  —  & 


f3{Tpm  ~  Tjn) 
Q 


A  pressure  difference  A P  is  produced  between  chimney  base  (col¬ 
lector  outflow)  and  the  surroundings: 

AP  =  PairgHch  A-  (16) 

J  a 

3.4.  Turbine  model 

The  wind  turbine  generator  fitted  at  the  base  of  the  chimney 
converts  free  convection  flow  into  rotational  energy.  According  to 
Ref.  [45],  the  mechanical  power  taken  up  by  the  turbine  is 


By  equating  Eqs.  (5)  and  (7),  the  link  between  air  speed  at  the  collec¬ 
tor  outflow  Vch  and  temperature  rise  ( Tout  -  Tin)  can  be  expressed: 

_  aACoiiq  -  P(Tpm  -  Tin)Acou 

Ch  “  PairAchCpiTout  -  Tin )  1  j 

This  simple  balance  equation  is  independent  of  collector  roof  height 
because  friction  losses  and  ground  storage  in  the  collector  are 
neglected. 

To  evaluate  collector  performance,  it  is  necessary  to  know  the 
mean  fluid  and  mean  plate  temperature,  which  could  be  estimated 
by  the  method  recommended  in  Ref.  [46]. 


Pt, m  —  ^  ^IcollPchAcollQ  (17) 

The  above  equation  can  be  further  expressed  as 

2  g 

Pt, m  —  5"  deoil  r  T  HchAcollQ  (18) 

Cp  j  a 

If  Pt,m  is  multiplied  by  ijt  which  contains  both  blade  and  transmis¬ 
sion  and  generator  efficiency,  and  as  a  first  approximation  can  be 
treated  as  constant,  this  produces  the  electrical  power  from  the 
solar  chimney  to  the  grid: 


Tpm  —  Tin  + 


Tfm  ~  Tin  + 


Q 


PrAcouP 

Q 


(1  -Fr) 


(9) 


(1  —  F") 


PrAcouP 

where  the  collector  heat  removal  factor  ( FR )  can  be  expressed  as 


(10) 


Fr  =  ^ 


AcollP 


1  -  exp 


ACoiiPF'\ 
mCp  J 


(11) 


Also  the  collector  flow  factor  (F)  is  defined  as  the  ratio  of  collector 
heat  removal  factor  (Fr)  to  collector  efficiency  factor  (F). 


F  = 


Fr 


(12) 


The  mean  fluid  temperature  is  eventually  required  to  solve  the 
model,  which  could  be  found  from  the  arithmetic  mean  of  the  inlet 
temperature  and  the  mean  plate  temperature. 

Tin  +  Tpm 


Tfm  = 


(13) 


3.3.  Mathematical  model  in  the  chimney 


The  chimney  converts  the  heat-flow  Q.  product  by  the  collec¬ 
tor  into  kinetic  energy  (convection  current)  and  potential  energy 
(pressure  drop  at  the  turbine).  Thus  the  density  difference  of  the 
air  caused  by  the  temperature  rise  in  the  collector  works  as  a  driv¬ 
ing  force.  The  lighter  column  of  air  in  the  chimney  is  connected 
with  the  surrounding  atmosphere  at  the  base  (inside  the  collector) 
and  at  the  top  of  the  chimney,  and  thus  acquires  lift.  According  to 
Ref.  [45],  the  chimney  efficiency  is  expressed  as 


heb  — 


Ptot 


§Hch 

CpT~a 


(14) 


This  simplified  representation  explains  one  of  the  basic  character¬ 
istics  of  the  solar  chimney,  which  is  that  the  chimney  efficiency  is 
fundamentally  dependent  only  on  chimney  height.  Flow  speed  and 
temperature  rise  in  the  collector  do  not  come  into  it.  Thus  the  power 


Pout 


2 

2  hthcoll 


f-  rp  HchAcollQ 
Cpl  a 


(19) 


It  is  recognized  that  the  electrical  output  of  the  solar  chimney  is  pro¬ 
portional  to  FtchAcoii,  ke.  to  the  volume  included  within  the  chimney 
height  and  the  collector  area.  Thus,  the  same  output  can  be  achieved 
with  different  combinations  of  chimney  height  and  collector  diam¬ 
eter.  There  is  no  physical  optimum.  Optimal  dimensions  can  be 
determined  only  by  including  the  cost  of  the  individual  compo¬ 
nents  (collector,  chimney,  mechanical  components)  at  a  particular 
site. 


4.  Results  and  discussion 

4.1.  Parameter  study 

The  above-mentioned  mathematical  model  was  used  to  esti¬ 
mate  the  performance  of  solar  chimneys  theoretically.  The  effect  of 
ambient  temperature  and  solar  radiation  on  the  power  generation 
is  shown  in  Fig.  2.  The  power  generation  of  solar  chimney  increases 
with  the  increase  of  solar  radiation  and  ambient  temperature,  but  it 
is  found  that  the  effect  of  solar  radiation  on  the  power  generation  is 
more  significant  in  comparison  with  the  ambient  temperature.  The 
solar  chimney  power  plant  produces  electrical  power  up  to  2  MW, 
when  the  ambient  temperature  is  273.15  K,  and  the  solar  radiation 
is  800  Wm-2. 

In  addition,  the  effect  of  changing  dimensions  of  the  solar  chim¬ 
ney  power  plant  on  the  power  generation  is  illustrated.  Fig.  3 
demonstrates  that  the  larger  the  collector  size  and  the  higher  the 
chimney  height  is,  the  greater  the  power  generation  will  be.  From 
Fig.  3  it  is  also  evident  that  the  power  generation  of  solar  chimney 
increases  nonlinearly  with  the  increase  of  collector  diameter  and 
chimney  height.  It  increases  sharply  when  the  sizes  of  collector  and 
the  chimney  are  small,  but  slowly  with  an  increase  in  size.  About 
5  MW  electric  power  can  be  produced  in  the  solar  chimney  when 
the  diameter  of  the  collector  is  1500  m,  and  the  chimney  height  is 
400  m. 
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Fig.  2.  Effect  of  ambient  temperature  and  solar  radiation  on  the  power  generation 
(in  kW). 


4.2.  Application  in  Iran 

Five  cities  in  the  southern  and  central  regions  of  Iran,  namely, 
Abadan,  Arak,  Tehran,  Yazd  and  Zanjan,  where  solar  radiation  is 
stronger  than  other  regions  of  Iran  (6665-7436  MJ/m2/year),  were 
selected  as  pilot  locations  to  construct  the  solar  chimney  power 
plant  [47].  The  mean  ambient  temperature  of  each  city  is  quite 
different  from  the  others.  It  helps  that  the  effect  of  ambient  tem¬ 
perature  on  the  power  generation  of  each  city  to  be  seen  more 
clearly. 

Fig.  4  displays  the  monthly  average  daily  solar  radiation  in  five 
locations.  Yazd  has  the  best  solar  radiation  (7436  MJ/m2/year)  and 
Zanjan  receives  the  least  (6665  MJ/m2/year).  It  is  also  evident  that 
all  cities  have  the  best  solar  radiation  in  June.  Fig.  5  illustrates  the 
variations  of  monthly  average  solar  radiation  in  W  m-2.  The  values 
were  used  in  the  calculation  of  monthly  average  power  generation. 
Monthly  average  temperatures  in  five  locations  are  shown  in  Fig.  6 
that  indicates  that  Abadan  is  the  hottest  and  Zanjan  is  the  coldest 
among  all  the  selected  cities. 

The  performance  of  the  solar  chimney  plant  located  in  the  five 
cities  is  presented  in  Fig.  7.  Fig.  7  shows  that  Abadan  has  a  better 
capacity  of  power  generation  in  comparison  with  the  other  loca¬ 
tions.  In  spite  of  the  fact  that  Zanjan  has  the  least  solar  radiation, 
the  results  show  that  the  same  electrical  power  as  the  other  cities 


Fig.  3.  Effect  of  chimney  height  and  collector  diameter  on  the  power  generation  (in 
kW). 


Fig.  5.  Monthly  solar  radiation  in  five  locations. 


could  be  generated,  and  it  refers  to  the  low  ambient  temperature 
of  Zanjan. 

As  a  final  remark,  it  is  noted  that  the  capacity  of  power  gen¬ 
eration  ranges  between  1  and  2  MW  for  a  whole  year.  The  results 
indicate  that  the  plant  can  produce  more  power  from  March 
to  September,  because  the  solar  radiation  is  most  powerful.  As 
is  shown  in  Fig.  7,  the  variations  in  solar  radiation  and  power 


Fig.  6.  Monthly  average  temperature  in  five  locations. 
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generation  change  similarly.  The  better  the  solar  radiation  is,  the 
higher  the  capacity  of  power  generation  will  be. 

5.  Conclusions 

The  purpose  of  this  study  is  to  evaluate  the  performance  of  solar 
chimney  power  plants  in  some  parts  of  Iran  theoretically  and  to 
estimate  the  quantity  of  the  produced  electric  energy.  A  mathemat¬ 
ical  model  based  on  the  energy  balance  was  developed  to  estimate 
the  power  output  of  solar  chimneys  as  well  as  to  examine  the  effect 
of  various  ambient  conditions  and  structural  dimensions  on  the 
power  output.  The  performance  of  a  power  generation  in  five  loca¬ 
tions  in  Iran,  namely,  Abadan,  Arak,  Tehran,  Yazd  and  Zanjan,  was 
studied.  The  result  showed  that  a  solar  chimney  power  plant  with 
350  m  chimney  height  and  1000  m  collector  diameter  is  capable  of 
producing  monthly  average  1-2  MW  electric  power  over  a  year. 


It  was  shown  that  Abadan  has  a  better  capacity  of  power  gener¬ 
ation  in  comparison  with  the  other  locations.  The  results  showed 
that  the  same  electrical  power  as  other  cities  could  be  generated 
in  Zanjan,  although  it  receives  the  least  solar  radiation.  It  was  also 
shown  that  the  solar  chimney  power  plant  can  produce  more  power 
from  March  to  September. 

The  capacity  of  power  generation  is  dependent  on  various  ambi¬ 
ent  conditions  and  structural  dimensions  such  as  solar  irradiation, 
ambient  temperature,  chimney  height  and  collector  diameter,  etc. 
The  results  indicated  that  the  power  generation  capacity  increases 
with  the  increase  in  solar  chimney  height  and  solar  collector  area. 
The  larger  the  collector  size  and  the  higher  the  chimney  height 
is,  the  greater  the  power  will  be.  It  is  also  found  that  the  higher 
the  solar  radiation  is,  the  greater  the  power  generation  will  be. 
However,  the  power  generation  is  slightly  affected  by  changing  the 
ambient  temperature. 
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